Objective: The use of prehospital data as an indicator for trauma team activation has been established. The relationship between field (Fd) and emergency department (ED) systolic blood pressure (SBP), Glasgow Coma Scale (GCS) score, and airway control as it relates to outcomes is unclear. We hypothesized that ED and Fd physiologic parameters are equally valid predictors of outcomes. In addition, we hypothesized that early field intubation will improve survival compared with later ED intubation.
M
ultiple studies have demonstrated the value of admission systolic blood pressure (SBP) and Glasgow Coma Scale (GCS) score in predicting outcomes in trauma patients. [1] [2] [3] Even a brief period of hypotension is associated with an increase in mortality. 4 The value of prehospital data as criteria for trauma team activation has been studied. [5] [6] [7] However, some studies question the accuracy of prehospital blood pressure and GCS score, 8, 9 and the relationship between prehospital and the emergency department (ED) values are not well defined. In one report, 38% of trauma patients with prehospital hypotension remained hypotensive at the ED. 6 In this study, we focused on SBP and GCS score. Do prehospital data correlate with ED values? If both sets of data are available, which is best associated with mortality? We hypothesized that ED and field physiologic parameters are equally valid predictors of fatal outcome. In addition, early airway control is the first step in management of trauma patients. 10 Prehospital endotracheal intubation has been associated with a lower mortality in trauma patients with blunt injury and low GCS score. 11 However, other studies have demonstrated no improvement in outcomes in head injury patients who were intubated in the field. 12, 13 We decided to compare the ED intubation with field intubation. We hypothesized that early prehospital intubation is associated with improved outcomes compared with later ED intubation.
PATIENTS AND METHODS
The institutions on which this analysis is based are both academic Level I trauma centers. Trauma registry data at Harborview Medical Center, Seattle, Washington, and the University of Michigan Health System, Ann Arbor, Michigan, were analyzed. We limited our analyses to adult trauma patients (18 years old or older) admitted from January 1994 to December 2001. Excluded were all patients transferred from an outside hospital and all burn patients. The institutional review boards of both centers approved the study.
The ED and field (Fd) SBP were divided into 0 to 59, 60 to 89, 90 to 119, and 120ϩ mm Hg categories. The ED-and Fd-GCS scores were divided into 3 to 8, 9 to 13, and 14 to 15 categories. The differences in the ED versus Fd values were analyzed using the Wilcoxon signed-rank test. In addition, the ED-versus Fd-SBP as a continuous variable was compared using paired t test. The primary endpoint was risk of fatal outcome. Data were evaluated using multivariate logistic regression. First, we identified clinical parameters associated (p Ͻ 0.2) with fatal outcome using univariate analyses. ED-GCS, Fd-GCS, ED-SBP, Fd-SBP, Injury Severity Score (ISS), mechanism (blunt or penetrating), respiratory rate, intubation status, age, sex, maximum head Abbreviated Injury Scale score, and the treating center (Harborview or University of Michigan) were considered as potential confounders. These variables were entered into multivariate stepwise (backward elimination) regression models with mortality as the dependent variable. Variables were removed and reentered into the model using a significance level for removal and reentry of 0.2 and 0.1, respectively. STATA Statistics/Data Analysis 6.0 software (College Station, TX) was used.
RESULTS
There were a total of 19,409 patients, with 16,277 (84%) blunt and 3,132 (16%) penetrating trauma patients. Table 1 demonstrates mean age, ISS, ED-GCS, Fd-GCS, ED-SBP, Fd-SBP, hospital length of stay (for survivors), and mortality rate for this group. The ISS was recorded for 19,375 patients. The ED-GCS and Fd-GCS were recorded for 12,999 (67%) patients and 7,844 (40%) patients, respectively. The ED-SBP and Fd-SBP were recorded for 13,035 (67%) patients and 6,884 (35%) patients, respectively.
Patients with missing data tended to be less severely injured. Patients who had missing ED-SBP or ED-GCS had a significantly lower mean ISS, 6 versus 14, compared with patients with recorded data (p Ͻ 0.0001). The mortality rate of patients with ED missing data were significantly lower compared with patients with recorded data (0.8% vs. 9.9%). Patients who had missing Fd-SBP or Fd-GCS also had significantly lower mean ISS, 9 versus 16, compared with those without missing data (p Ͻ 0.0001). The mortality rate of patients with field missing data were significantly lower compared with those patients with recorded data (3.7% vs. 13.3%). There was no difference in sex and age of patients with missing field or ED data compared with the recorded group.
There were 6880 patients with recorded ED and field SBP. Of this group, 4,140 (60%) had the same ED and field SBP category (0 -59, 60 -89, 90 -119, and 120ϩ mm Hg), 2,107 (31%) had improved SBP category, and 633 (9%) had a worsening SBP category. Wilcoxon signed-rank test (SBP categories) and t test (SBP as a continuous variable) demonstrated an overall statistically significant improvement in the SBP (p Ͻ 0.0001). This pattern was similar for blunt and penetrating injury (data not shown). These changes in SBP have important implications in the risk of fatal outcome, which is demonstrated in the next section.
There were 7,823 patients with recorded ED and field GCS. Of this group, 6,382 (82%) had the same ED and field GCS category (3-8, 9 -13, and 14 -15), 229 (3%) had improved, and 1,212 (15%) had worsening GCS category. There was no overall statistical significant difference in ED and field GCS. Ninety-one percent of the patients with worsening GCS category (ED less than field) had field intubation, whereas only 26% and 25% of the patients with the same or improving GCS category had field intubation, respectively.
Risk of Fatal Outcome
Multivariate analyses demonstrated that ISS, SBP, mechanism, age, intubation status, and GCS score were independent predictors of risk for fatal outcome. The area under the receiver operating characteristic curve was 0.962, demonstrating strong predictive power of the final model. Compared with the ISS 1 to 15 cohort, the odds ratios for fatal outcome for ISS 16 to 25, 26 to 35, and higher than 35 were 4.4 (p Ͻ 0.0001), 13.2 (p Ͻ 0.0001), and 51.8 (p Ͻ 0.0001), respectively. Penetrating trauma was associated with increased mortality with an odds ratio of 2.3 (95% confidence interval, 1.8 -2.9; p Ͻ 0.0001) compared with blunt trauma. GCS scores were used as categorical data. As compared with the GCS 14 to 15 category, the odds ratios for GCS score 9 to 13 and 3 to 8 were 2.2 (p ϭ 0.001) and 7.4 (p Ͻ 0.0001), respectively. Compared with the reference blood pressure (SBP Ͼ 119 mm Hg) cohort, the odds ratios for SBP of 90 to 119, 60 to 89, and 0 to 59 mm Hg were 1.7 (p Ͻ 0.0001), 3.1 The Journal of TRAUMA Injury, Infection, and Critical Care (p Ͻ 0.0001), and 79.4 (p Ͻ 0.0001), respectively. Although respiratory rate, gender, and head Abbreviated Injury Scale score were associated with mortality in univariate analyses, they were not independent predictors in multivariate logistic regression. When available, either field or ED-GCS can be used without any difference in the model based on the odds ratio for GCS and receiver operating characteristic curve (data not shown). Because the ED-GCS was recorded more often than Fd-GCS, ED-GCS was used in the final model. Table 3 demonstrates increase mortality with changing GCS score.
The logistic regression demonstrated both Fd-SBP and ED-SBP to be independent predictors of fatal outcome. After adjusting for other factors and including both field and ED-SBP, the odds ratio for the lower SBP category is 2.5 (95% confidence interval, 2.2-2.8; p Ͻ 0.0001) for ED and 1.4 (95% confidence interval, 1.3-1.6; p Ͻ 0.0001) for field. Table 4 demonstrates associated mortality with ED and field SBP categories. The mortality rate significantly increased when the ED-SBP declined in comparison to the field SBP (Table 2) .
Intubation status was also an independent predictor of fatal outcome after adjusting for ISS, SBP, mechanism, age, and ED-GCS. Patients were identified as not intubated, intubated in the field, or intubated in the ED. There were 3,571 field intubations and 746 ED intubations. ED intubation was associated with a significant increase in the risk of fatal outcome when compared with nonintubated (odds ratio, 3.1; 95% confidence interval, 2.1-4.5; p Ͻ 0.0001) and field intubation (odds ratio, 3.0; 95% confidence interval, 1.9 -4.9; p Ͻ 0.0001) patients. Compared with nonintubated patients, there was no increased risk of mortality associated with patients being intubated in the field (odds ratio, 1.1; 95% confidence interval, 0.7-1.9; p ϭ 0.6).
DISCUSSION
This is the largest study of trauma patients that has compared the prehospital blood pressure and GCS to ED values. In addition, we have compared the outcomes of field versus ED intubation of trauma patients. Previous studies have demonstrated that prehospital hypotension is associated with worse outcome. 4 -6 In this study, we examined the pattern of change in blood pressure and GCS score in relation to outcomes. We demonstrated that a decreasing pattern of blood pressure, ED lower than the field blood pressure, is associated with worse outcome. In addition, we showed that ED blood pressure is a better predictor of outcome compared with field blood pressure. We also performed an extensive missing data analysis to study the potential biases introduced by unrecorded prehospital values.
Field GCS and ED-GCS correlated very well, with 82% of the cases having the same GCS category. There was no statistical difference between the two measurements, and both were excellent predictors of fatal outcome. Although there was no statistical difference between the ED and field values, the low field GCS category 3-8 was associated with a higher mortality rate than the low ED-GCS category. In penetrating trauma, a recorded GCS score of 3 to 8 in the field and the ED was associated with 72.6% and 41.8% mortality, respectively (Table 3 ). This pattern was present but less pronounced in blunt trauma patients, 43.5% versus 30.5% mortality. Because a majority (91%) of patients with worsening GCS category (ED less than field) had field intubation, some of the low ED-GCS values may be attributable to the lingering effect of paralytic or sedative agents used in the field. 9 ED-GCS was used in our final model, because the data were recorded more often than the field GCS score. Although there are limitations with GCS score, especially in paralyzed and intubated patients, it remained a very strong predictor of mortality in our study ( Table 3) .
The prehospital and ED systolic pressure did not correlate as well, and only 60% of the time were they in the same category. Overall, there was a significant increase in ED-SBP, with 31% of patients showing improvement and only 9% having a decrease in blood pressure category. The mean SBP also significantly improved, in both blunt and penetrating trauma patients (Table 1) . One reason could have been the lack of accuracy in the field values. 8 However, this is unlikely because both field and ED-SBP were independent predictors of mortality in the same model. A previous retrospective study of 791 trauma patients with prehospital hypotension demonstrated a 44% mortality rate in patients that remained hypotensive in the ED. 6 This study examined 6,880 trauma patients with recorded ED and field SBP. We demonstrated that in patients with the same ED blood pressure category, the cohort with decreasing blood pressure pattern (the ED blood pressure less than the field) had worse outcome. This was quite pronounced in the blunt trauma group. Blunt trauma patients with decreasing blood pressure had 25.7% mortality, and the stable blood pressure patients had 9.7% overall mortality (Table 2 ). These data demonstrate the importance of the "stable" trauma patient. When creating statistical models that predict trauma mortality, if both ED and field SBP values are available, both should be included in the model. However, in many instances, one set of data is missing. When comparing models that use either ED-SBP or Fd-SBP, the ED-SBP model correlates better with fatal outcome.
The main weakness of our study is in the missing data. One criticism may be that the patients with missing data bias the study because this group represents patients with more severe injuries. However, this was not the case. In fact, the patients with missing data were significantly less injured and had much lower mortality. Nevertheless, the missing values were not completely at random, and this may have affected our study. 14 Field endotracheal intubation has been practiced with increasing frequency. 15 Although field intubation is limited by the difficult environment in which the procedure is performed, it appears to be equally as successful and safe as ED intubation. 15, 16 A retrospective study of the San Diego County trauma system demonstrated improved survival in blunt trauma patients with low GCS scores. 11 However, another retrospective study of patients with severe head injury in Los Angeles County demonstrated no improvement in outcomes with prehospital intubation. 12 In the current study, multivariate analyses, adjusted for GCS score, SBP, ISS, age, and mechanism of injury, demonstrated no significant difference in outcome in patients who were intubated in the field compared with nonintubated patients. However, ED intubation was associated with significantly higher mortality. This group may represent patients that should have been intubated but in whom intubation was delayed until ED admission. Earlier field intubation may have improved their outcome. The data registry did not capture the specific reasons for not intubating patients in the field, such as a difficult airway and failed attempts. Some of the patients intubated in the ED may represent this group, and other factors may have influenced their outcome. Further randomized prospective studies are needed.
In conclusion, early field intubation was associated with a decreased risk of fatal outcome compared with ED intubation. Our data support the practice of early airway control via field intubation. The current study demonstrates that prehospital data are valid predictors of fatal outcome. When comparing patients with the same ED blood pressure category, the group with decreasing blood pressure (ED blood pressure less than field) had worse outcome.
